Objective To review the evidence of effectiveness of dressings applied to venous leg ulcers. Design Systematic review and meta-analysis. Data sources Hand searches of journals and searches of electronic databases, conference proceedings, and bibliographies up to April 2006; contacts with dressing manufacturers for unpublished studies. Studies reviewed All randomised controlled trials that evaluated dressings applied to venous leg ulcers were eligible for inclusion. Data from eligible studies were extracted and summarised independently by two reviewers using a data extraction sheet. Methodological quality was assessed independently by two reviewers. Results The search strategy identified 254 studies; 42 of these fulfilled the inclusion criteria. Hydrocolloids were no more effective than simple low adherent dressings used beneath compression (eight trials; relative risk for healing with hydrocolloid 1.02, 95% confidence interval 0.83 to 1.28). For other comparisons, insufficient evidence was available to allow firm conclusions to be drawn. None of the dressing comparisons showed evidence that a particular class of dressing healed more ulcers. Some differences existed between dressings in terms of subjective outcome measures and ulcer healing rates. The results were not affected by the size or quality of trials or the unit of randomisation. Insufficient data were available to allow conclusions to be drawn about the relative cost effectiveness of different dressings. Conclusions The type of dressing applied beneath compression was not shown to affect ulcer healing. The results of the meta-analysis showed that applying hydrocolloid dressings beneath compression produced no benefit in terms of ulcer healing compared with applying simple low adherent dressings. No conclusive recommendations can be made as to which type of dressing is most cost effective. Decisions on which dressing to apply should be based on the local costs of dressings and the preferences of the practitioner or patient.
INTRODUCTION
Multilayer compression bandaging has been identified as the gold standard in the treatment of venous leg ulcers. [1] [2] [3] Dressings are usually placed over the ulcer before compression bandages or hosiery are applied, with the intention of promoting healing and preventing the bandages sticking to the wound. However, the evidence of any increased benefit provided by these dressings, which can contribute significantly to the cost of treating a venous leg ulcer, is less clear than for compression.
The range and type of dressings available have increased since the publication of a systematic review of dressings for venous ulcers by Bradley et al in 1999. 4 Large numbers of different wound dressings are available, with many ways of classifying them-for example, by physical composition or by describing them as passive, active, or reactive. However, the evidence for their use is equivocal. Whether any particular dressing or type of dressing affects the healing of ulcers needs to be established. In addition, many of these dressings are relatively expensive, with a difference of up to six times in unit cost between the more expensive and cheaper dressings. 5 This study was based on a recently published Cochrane Collaboration review. 6 We aimed to assess the effectiveness of wound dressings used in the treatment of venous leg ulcers.
METHODS
We sought to summarise all randomised controlled trials evaluating dressings in the treatment of venous leg ulcers. Two reviewers (SP and EAN) independently assessed trials for suitability; a third reviewer (JAM) arbitrated any disagreements. We excluded trials that included patients with wounds such as arterial and diabetic ulcers, unless the results for patients with venous ulcers were reported separately. We also excluded trials evaluating topical agents and skin grafting. To structure the many comparisons that can be made between dressings, and to avoid potential double counting of comparisons if we simply summarised the interventions by dressing types, we decided in advance to structure our comparisons as illustrated in box 1.
The primary outcome measure was time to complete ulcer healing or proportion of ulcers completely healed. We excluded composite outcome measures such as "number of ulcers healed or improved. " We identified randomised controlled trials by searching Medline, Embase, and CINAHL, as well as the Cochrane Wounds Group specialised trials register up to April 2006. Box 2 shows details of all the databases searched and search terms used. We also sought grey literature by examining conference proceedings.
We placed no restrictions in terms of language or year of publication. We also hand searched key journals, checked citations, and contacted experts in the field of wound care to enquire about ongoing and recently published trials.
Two reviewers acting independently decided on the inclusion or exclusion of trials. A third reviewer (JAM) adjudicated on any disagreements about inclusion or exclusion. We considered trials for inclusion if they were randomised controlled trials evaluating dressings in the treatment of venous leg ulcers. Trials had to report time to complete ulcer healing, proportion of ulcers completely healed, or reduction in area (healing rate). We excluded composite outcome measures that aggregated, for example, healing and improvement.
We assessed the quality of the trials on the basis of factors that have been shown to minimise bias and confounding. 7 These were comparability of treatment groups at baseline; analysis of outcomes on an intention to treat basis, defined as all people who were allocated to a group being analysed in this intervention group regardless of the actual intervention used; completeness of follow-up; and the blinding and objectivity of outcome assessors.
We used Rev Man (4.1) to analyse data. All analysis was on an intention to treat basis, assuming withdrawals and losses to follow-up to be treatment failures. We estimated the relative risk of healing for each study; where similar interventions were compared in similar populations, we then considered using metaanalysis to estimate an aggregate relative risk. We assessed clinical heterogeneity by assessment of populations, concurrent treatment, trial setting, and outcome measures. Statistical heterogeneity was assessed by using the ). In the absence of clinical and statistical heterogeneity, we used a fixed effect model. In the absence of clinical heterogeneity but the presence of statistical heterogeneity, we did a random effects meta-analysis. In the presence of clinical heterogeneity, we did a narrative review. A priori, we specified subgroup analyses to examine the robustness of the results on the basis of study size and the presence or absence of compression and allocation concealment.
RESULTS
We contacted 14 authors about methods, outcomes, and type of wounds, of whom three replied. shows the stages of the process of meta-analysis using the QUOROM statement. 9 Tables 1 to 3 show the characteristics of the included and excluded studies and the quality of the included studies.
Of 254 citations initially identified, 44 studies were eligible for inclusion. Two of these trials were ongoing (the VULCAN trial and the HALT trial).
w1 w2 We therefore included 42 trials (59 citations) involving 3001 participants. Some trials used the limb or ulcer as the unit of randomisation; 3037 ulcers or limbs were included in the trials. Most (31/42, 74%) of the trials had 100 or fewer participants, and 36% (15/42) had fewer than 50 participants. Table 2 shows details of the methodological quality of the trials. Trials that we deemed to be of high quality gave clear inclusion/exclusion criteria, described the method of randomisation and blinding of treatment allocation, analysed on an intention to treat basis, had comparable treatment groups at the start of the trial, and used valid outcome measures.
No inclusion criteria were reported for 38% of studies. Only 11 (26%) trials stated the method of randomisation.
w3-w13 The others merely stated that treatment allocation was "randomised." Most trials reported that the treatment groups were comparable at baseline. Most of the trials (31/42, 74%) reported the total number of ulcers healed during the trial. The remaining 26% (11/43) of trials used only the ulcer healing rate as an outcome measure. The duration of the trials ranged from four weeks to 48 weeks. The mean duration/follow-up was 14 weeks, and the median duration was eight weeks.
We used a random effects model to obtain aggregate outcomes for the relative risk of complete ulcer healing. This method allows for potential heterogeneity of the treatment effect between studies included in the meta-analysis. However, the conclusions from the analysis were the same with both fixed effects and random effects models, even allowing for the variations in precision between the two methods. The scope for subgroup analysis was limited owing to the small number of trials within each comparison. Table 4 shows the results of the meta-analysis.
Hydrocolloid dressings
Twenty seven trials evaluated hydrocolloid dressings.
Hydrocolloid versus low adherent dressings
Nine trials (928 participants) compared hydrocolloid and low adherent dressings.
w4 w7 w9 w10 w14-w18
We excluded one trial from the meta-analysis, however, as it did not report the number of people whose ulcer had healed. w17 The remaining eight trials included 792 people, and the pooled relative risk for healing with hydrocolloid was 1.02 (95% confidence interval 0.83 to 1.25) (fig 2) .
We detected significant heterogeneity within this comparison (I 2 =46.6%; χ 2 =13.11, df=7; P=0.07). Retrospective exploration of the heterogeneity identified one trial that seemed to differ from the others.
w7 It included only small ulcers (wound area less than 5 cm 2 ). Exclusion of this trial removed the statistical heterogeneity and did not affect the finding of no evidence of a difference in healing rate between hydrocolloids and simple low adherent dressings (relative risk=0.98, 0.85 to 1.12; I 2 =0%). in the costs came from (from patients or from drug tariff data), or the type and extent of discounting used.
Hydrocolloid versus foam dressings

Hydrocolloid versus hydrocolloid
Three trials (98 participants) compared various hydrocolloid dressings. w24-w26 We could include only two in the meta-analysis, as one did not report the total number of ulcers healed.
w26 The meta-analysis showed high heterogeneity (I 2 =69.7%; χ 2 =3.3, df=1; P=0.07) and no statistical difference between the dressings (relative risk=1.56, 0.67 to 3.63).
Hydrocolloid versus other dressings
Two trials (237 participants) compared hydrocolloid and hydrogel dressings. w18 w27 One trial allocated treatment "according to the principle of random selection." w27 The analysis was not intention to treat. The outcomes reported were percentage reduction in ulcer area at 28 days (44.6% hydrogel v 33.3% hydrocolloid) and the reduction of the ulcer surface area at 28 days (4.5 cm 2 hydrogel v 2.1 cm 2 hydrocolloid). The total number of ulcers healed in each group was not reported. The other trial had three arms and was also included in the hydrocolloid versus low adherent dressings comparison. One trial (28 participants) compared hydrocolloid and gauze.
w28 It reported a relative reduction in ulcer area of 19% for the gauze group and 51% for the hydrocolloid group. No statistical analysis of the results was reported.
One trial (93 participants with 98 ulcers) compared hydrocolloid dressing (Duoderm E) and a lyophilised collagen dressing. w29 The unit of randomisation was the ulcer and not the patient. No statistical differences between the dressings were reported.
One trial (110 participants) compared hydrocolloid dressing (Varihesive E) and magnesium sulphate paste beneath a gauze dressing. w30 The duration of the trial was for 10 dressing changes, but no details were given on trial length. The trial reported three ulcers healed in the hydrocolloid group and no ulcers healed in the other group. 
Hydrogel versus hydrogel
Two trials (175 participants) compared different hydrogels.
w13 w37 However, we were unable to do a meta-analysis as only one trial reported the total number of ulcers healed, and this found no statistically significant difference between the two groups. States "statistically significant" differences but no results reported 
Hydrogel versus miscellaneous dressings
One trial (53 participants) consisted of two parts.
w38
Part 1 compared 0.9% normal saline with Debrisan paste. This phase lasted two weeks, and the authors reported relative change in wound area. Part 2 of the study compared porcine skin (Skin-tec, Astra-Syntex, Sweden), aluminium foil dressing (Metallina, Lohmann GmbH, Germany), and a non-compressive double layer paste bandage. The authors gave no data on the total number of ulcers healed; they reported mean relative reduction in wound area.
Alginate dressings Alginate versus low adherent dressings
One trial (60 participants) compared alginate with low adherent dressings. w39 It found no statistically significant difference between the two dressings (26/30 healing in the alginate group compared with 24/30 in the low adherent group; relative risk=1.08, 0.86 to 1.36).
Alginate versus alginate
One trial (20 participants) compared different alginate dressings (Tegagen HG and Sorbsan). w40 The study reported the total number of ulcers healed at eight weeks and found no statistically significant differences between the two groups (relative risk for healing with Tegagen=0.1, 0.01 to 1.86).
Three trials compared alginates with hydrocolloids, w20 w22 w23 and one trial compared alginate with a foam dressing.
w34 These are summarised in the hydrocolloid and foam sections.
One trial (113 patients with 133 ulcerated limbs) compared alginate dressings in a three treatment arm trial. w41 The allocation was on the basis of the limb and not the patient. The treatments were zinc oxide impregnated cotton bandage (Viscopaste, n=43), zinc oxide impregnated stockinet (Acoband, n=44), and alginate dressing (Kaltostat, n=46). The study reported the total number of limbs healed. These were 34/43 
Miscellaneous dressings
One trial compared a cadoximer iodine powder and "standard" treatment as determined by the clinician.
w42 The trial reported a mean percentage ulcer reduction of 34% in the cadoximer group compared with 5% in the standard group.
One trial compared a hyaluronan derivative fleece dressing with paraffin gauze dressing.
w43 It found no statistically significant difference in the numbers of ulcers healed. Two (16%) of 12 ulcers healed in eight weeks in the fleece dressing group compared with 1/12 (8%) in the paraffin gauze group (χ 2 =0.39, df=1; P=0.53). It also reported a statistically significant reduction in ulcer area-8.1 cm 2 for the fleece dressing compared with 0.4 cm 2 for paraffin gauze (P<0.002). One trial compared a polyamide active charcoal dressing with a dressing applied "according to the stage of healing."
w44 It found no statistically significant difference in the numbers healed at six weeks: 6/19 (31.5%) in the charcoal dressing group compared with 2/20 (10.5%) for the alternative (χ 2 =2.78, df=1; P=0.095).
DISCUSSION
This review updates a systematic review published in 1999 4 and a more limited review published in 2005, 10 which included only 16 studies, compared with 42 in our review. The results from our meta-analysis showed no statistically significant difference in terms of total ulcers healed between any of the dressing types. In some cases this may be due to low power to detect a difference. The meta-analysis of hydrocolloid dressings versus low adherent dressings had more than 700 participants. This means that we can be confident that hydrocolloids confer no significant clinical benefit over simple, low adherent dressings when used beneath compression. Given the potential disadvantages of using hydrocolloid rather than a low adherent simple dressing, in terms of increased cost and greater exposure to allergens in the preservative, the simple non-adherent dressing should be preferred. One consideration when reviewing these results must be that an intention to treat perspective was used, which assumed that losses to follow-up failed to heal. This could have underestimated the healing rates.
Quality of included trials
Most of the trials included in this review had a small sample size (range 13-200, mean 76, median 70) and therefore had low power to detect clinically important differences. Only one study reported an a priori sample size calculation. w9 This was a concern, as small trials are at a higher risk of publication bias than large trials. Although the results for healing in these trials were usually inconclusive, and this might indicate that few trials in this area remain unpublished because of the direction of their findings, most trials were not inconclusive in their conclusions. They reported several outcome measures, usually subjective, such as dressing performance (ease of use, patient "comfort"), and often concluded that evidence existed for one dressing performing better than the other.
Most of the trials in this review were funded by dressing manufacturers, and we cannot be certain whether unpublished trials exist, or if, in the published trials, outcome measures have been selectively reported. Each comparison included too few trials to allow a funnel plot to be drawn.
We also found problems in terms of reporting of trials. Only three studies stated the method of randomisation and blinding of allocation, w4 w10 w11 and only one reported blinding of assessment.
w19 Although blinding of trial participants to many wound dressings is difficult, as they often differ in appearance, blinding of the assessment of treatment can usually be achieved.
The lack of blinding of outcome assessors has implications in the light of a recent study that reported statistically significant differences in the subjective assessment of wound progress when the assessors were not blind to the dressing allocated, in contrast to an assessment by blinded outcome assessors in which no difference in wound progress was found. 11 Evidence also exists to suggest that inadequate methodological reporting has an association with overestimation of treatment effects. 12 The trials were of relatively short duration (range 4-48, mean 14, median 8 weeks). Venous ulcers usually take months to heal, 13 so trials with short durations fail to capture most healing events, further eroding power to detect clinically important differences as statistically significant.
External validity of included trials
The external validity of many of these trials is threatened by the fact that they limited inclusion by ulcer size. Of the 23 studies that reported details of baseline ulcer area, 15 included only ulcers of less than 10 cm 2 and eight included only ulcers of greater than 10 cm 2 . Only one trial used life table analysis, summarising both how many people's ulcers healed and how quickly they healed.
w9 Many studies used rate of reduction in ulcer area as an outcome measure; however, this is not necessarily a predictor of healing, particularly when used over a short period. In addition, the use of change in wound area raises questions of validity, especially when initial ulcer size varies, as the percentage change will be greater for smaller wounds. The use of rates of reduction in area (often called ulcer healing rates) can therefore be misleading. 14 Other outcome measures used included patient derived and nurse derived subjective measures such as "satisfaction" and pain. The use of subjective outcomes in trials can lead to bias, especially if the tools used are not tested for reliability and validity and if blinding to treatment allocation is not used. Bias can result from subconscious preferences of treatments by the assessors, patients, or both, or selective reporting of positive outcomes.
Cost and quality of life data Cost and quality of life data used in the studies were also generally poor quality or lacking. When quality of life measures were reported they tended to be linear analogue scales or simple Likert-type scales. The inclusion of more sophisticated measures of quality of life when evaluating dressings is an area that needs to be tackled. This is particularly important as it may be one of the few ways to distinguish between dressings. The impact of venous ulcers on quality of life has been studied, [15] [16] [17] [18] [19] [20] but within randomised controlled trials quality of life data were very poor or omitted altogether.
The poor reporting of cost data was a particular concern. Where such data were collected, w7 w14 w29 the reporting did not conform to rigorous guidelines for economic evaluations. 21 The trials simply totalled the monetary cost of the dressings and did not examine their cost effectiveness. This was illustrated in the hydrocolloid versus alginate comparison, where costs were reported for the interventions but insufficient detail was provided on their derivation.
Clinical implications
Although a wide variety of dressings are available, and used on venous leg ulcers, we found insufficient evidence to justify the use of a particular dressing or dressing type in preference to any other. In particular, the use of hydrocolloid dressings rather than simple, low adherent dressings should be questioned. In the absence of clear evidence of differences in clinical effectiveness, the optimum use of resources demands that the least expensive dressing should be used, although the preferences of patients and nurses may be important where little difference in cost exists. 
RESEARCH
Cost effectiveness studies examining dressings for venous leg ulcers are urgently needed, as dressing frequency drives costs by influencing the amount of time taken by clinicians to treat ulcers.
